IFIS for patients taking tamsulosin and undergoing cataract surgery. [15] [16] [17] However, the warnings and noted precautions in reference materials focused only on the added intraoperative difficulty associated with tamsulosin and did not mention postoperative adverse events. 18 Each year, approximately 5% of elderly US residents undergo cataract procedures. 19 Because 1% to 5% of male patients are taking tamsulosin at the time of surgery, a sizable proportion of patients may experience IFIS. 12 However, few studies have been large enough to assess the connection between tamsulosin exposure and postoperative complications. In addition, it is unclear whether proximity of therapy to the surgery is important or whether complications are equally likely with ␣-blockers other than tamsulosin. 7 Accordingly, we undertook a large, population-based analysis of postoperative adverse events experienced by patients who were prescribed tamsulosin or other ␣-blockers at the time of cataract surgery. To assess specificity of effect, we also studied exposure to proton pump inhibitors-drugs for which an increased risk of adverse events would not be expected.
METHODS

Overview
We used several linked administrative databases and a nested case-control design to study serious ophthalmic adverse events experienced by Ontario residents who underwent cataract surgery between 2002 and 2007. Cases were those who experienced an adverse ophthalmic surgical outcome within 14 days of cataract surgery. Controls were selected from those patients who had cataract surgery but who had no such adverse event. The study protocol was approved by the Research Ethics Board at Sunnybrook Health Sciences Centre, Toronto. The analysis was performed at the Institute for Clinical Evaluative Sciences, which has statutory authority to conduct health services research without consent using anonymized administrative data.
Data Sources
The province of Ontario has a universal health insurance program that covers all 12 million residents. Records from 3 health administrative databases were linked using encrypted unique identifiers. The Ontario Drug Benefit database contains highly accurate records of all outpatient prescriptions dispensed to patients aged 65 years or older. 20, 21 The Ontario Health Insurance Plan database contains information on inpatient and outpatient physician services. This database has excellent reliability for surgical procedures. 21 The Ontario Registered Persons database contains demographic and vital status information on all residents. All 3 databases are virtually complete for the variables used in this research.
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Cohort Identification
We used the Ontario Health Insurance Plan database to identify patients aged 66 years or older who had cataract surgery between April 1, 2002 , and June 16, 2007 . For those who had multiple procedures over the accrual period, we studied the first.
Because BPH was the only indication for tamsulosin for formulary coverage in Ontario and it is the only US Food and Drug Administrationlabeled indication, women were excluded. We also excluded those who had other eye procedures in combination with their cataract surgery, those who had eye procedures other than cataract surgery in the preceding 5 years, those prescribed topical cyclosporine within 90 days of surgery, those who died within 14 days of surgery, and those who had a second cataract surgery within 14 days.
Postoperative Adverse Events: Case Ascertainment
Case patients had a physician service claim for any 1 of 4 procedures (vitrectomy, vitreous aspiration or injection, dislocated lens extraction, or air or fluid exchange) between 1 and 14 days after cataract surgery. Procedures occurring on the same day as the surgery were not included. These procedures were a composite outcome for serious postoperative ophthalmic adverse events and served as indicators of retinal detachment, lost lens or lens fragment, and suspected endophthalmitis. 22, 23 Lost lens or lens fragment was defined as any patient on whom the procedure for dislocated lens extraction was performed. Retinal detachment was defined as any patient on whom an air or fluid exchange was performed. Suspected endophthalmitis was defined as any patient on whom a vitrectomy or vitreous aspiration or injection was performed, which was not in tandem with a lost lens or lens fragment or air or fluid exchange. Outcomes were recorded regardless of who patients saw for their postoperative care.
Selecting Controls
From the subgroup of patients who did not experience an adverse ophthalmic event, we selected up to 4 controls per case. Controls were randomly selected and matched to cases according to the patient's year of birth (within 3 years of case's birth), the surgeon who performed the cataract procedure, and the year the cataract surgery was performed (within 1 year of the case's surgery). This approach minimized bias due to patient age, surgeon volume and complication rates, and changes in surgical technique over time. 22 
Assessing Exposure to ␣-Blockers
The drug exposure of primary interest was the relatively selective ␣ 1a -receptor blocker, tamsulosin. We also assessed exposure to other, less selective ␣-blocking agents: alfuzosin, doxazosin, prazosin, and terazosin. All of these drugs were covered by the Ontario Drug Benefit Program during the period of study and were identified using specific drug identification numbers recorded on paid claims in the Ontario Drug Benefit Database. Alfuzosin, doxazosin, and terazosin all had indications for BPH. Doxazosin, prazosin, and terazosin all had indications for hypertension.
We created 3 mutually exclusive exposure groups: (1) the recent-exposure group were individuals whose most re-cent prescription for an ␣-blocker included the period of the 14 days before cataract surgery, incorporating a 20% grace period to accommodate nonadherence. This period was based on previous observations 7, 24 ; (2) the previousexposure group were those who filled a prescription in the year prior to surgery but who did not qualify for the recentexposure group (ie, those whose drug supply [plus a 20% grace period] ended between 15 and 365 days before cataract surgery); and (3) the no-exposure group were patients who had no exposure to an ␣-blocking drug in the 365 days before surgery.
Because some patients received more than 1 study drug before surgery, we used a hierarchical approach to the exposures. We considered a recent exposure to a medication to be more important than a previous exposure, and exposure to tamsulosin (the drug of primary interest) to be more important than exposure to another ␣-blocker. For example, a patient who satisfied the criteria for recent tamsulosin exposure could have a prior or overlapping prescription for another ␣-blocker but would remain in the recent-tamsulosin category.
Covariates
Our analysis adjusted for several potential confounders (TABLE 1). Individual-level income status was based on the Ontario Drug Benefit program's income test for prescription copayment. A count of the number of medications dispensed in the year prior to surgery was used as a validated measure of comorbidity. 25 Those prescribed an antidiabetic medication in the year before surgery were defined as having diabetes. We also adjusted for topical eye medications prescribed within 90 days of cataract surgery. These drugs were grouped according to indication or mechanism of action to avoid overfitting the statistical model.
Statistical Analysis
We used descriptive statistics to characterize cases and controls. Conditional logistic regression was used to estimate the odds ratios (ORs) and 95% confidence intervals (CIs) for the association between adverse events and the following: recent tamsulosin exposure, recent exposure to another ␣-blocker, previous tamsulosin exposure, and previous exposure to another ␣-blocker. All groups were compared with the reference group of no exposure. A multivariate model was fitted to adjust for potential confounding characteristics. All analyses were performed using SAS version 9.1 (SAS Institute Inc, Cary, North Carolina). For the study's case-control ratio of 4, independence in the probability of exposure among cases and controls, and a type I error probability of 0.05, our study had 88% power to reject the null hypothesis of an OR of 1 for a clinically significant unadjusted odds ratio of 2.5. This was based on a cataract surgery cohort of approximately 100 000 men, 3% taking tamsulosin at the time of surgery, and 0.3% experiencing a postoperative adverse event. 12, 22, 26, 27 We used a 2-sided test of significance at the PϽ.05 level.
Test for Specificity
We assessed specificity of effect using proton pump inhibitors as a tracer exposure, an exposure for which we would not expect an association with serious ophthalmic adverse events from cataract surgery. Those analyses excluded patients who had any exposure to tamsulosin or another ␣-blocker in the 365 days preceding cataract surgery.
Estimate of Absolute Risk of Recent Tamsulosin Exposure
We calculated the event rate for our composite end point over the 5-year study period for all patients undergoing cataract surgery to estimate the absolute risk associated with recent tamsulosin exposure. We applied the estimated adjusted OR for recent tamsulosin exposure from the nested case-control analysis to the baseline event rate in the cohort to estimate the number needed to harm (NNH, for which, NNH=100 ϫ [1/absolute risk increase], and absolute risk increase = estimated absolute risk [OR ϫ baseline event rate] −baseline event rate).
RESULTS
We identified 96 128 older men who had cataract surgery over the 5-year study period. There were 3550 patients (3.7%) who had recent exposure to tamsulosin and 1006 (1.1%) who had previous exposure to tamsulosin. There were 7426 patients (7.7%) who had recent exposure to other ␣-blocking medications and 1683 (1.1%) who had previous exposure. We identified 284 case patients (0.3%) who experienced an adverse event in the 14 days after surgery. Of these 284 cases, 175 had a procedure for lost lens or lens fragment, 35 for retinal detachment, and 26 had both. One hundred had suspected endophthalmitis. Of the 284 cases, 280 were matched to 1102 control patients; more than 96% of cases Abbreviation: NSAIDs, nonsteroidal anti-inflammatory drugs. a Users of antiallergy and mydriatric drugs were not listed for confidentiality purposes because the cell sizes included fewer than 6 persons. b Diabetes is defined as prescription for an antidiabetic medication in the year prior to surgery.
were matched to 4 controls. The average age of cases and controls was 77 years, and both groups were dispensed an average of approximately 10 medications in the year preceding cataract surgery. Over one-fifth of the sample had diabetes and low-income status, respectively (Table 1) .
In our primary analysis of adverse events following cataract surgery, 21 case patients (7.5%) and 30 control patients (2.7%) received tamsulosin in the 14 days before surgery. This resulted in an adjusted OR of 2.33 (95% CI, 1.22 -4.43; TABLE 2) For patients prescribed other ␣-blockers, 21 case patients (7.5%) and 88 control patients (8.0%) received the medication in the 14 days preceding surgery (adjusted OR, 0.91; 95% CI, 0.54-1.54).
Those who had previous exposure to tamsulosin were (Table 2) .
Estimated Absolute Risk of a Serious Postoperative Adverse Event
The baseline event rate for our composite outcome was 0.3%. Using this rate and the adjusted OR associated with recent tamsulosin exposure, the estimated number needed to harm was 255 (95% CI, 99-1666).
COMMENT
We included more than 96 000 older men who had cataract surgery over a 5-year period. We found that those who were recently dispensed tamsulosin had 2.3 times the risk of serious adverse events following cataract surgery. To our knowledge, this is the first study to link tamsulosin exposure to clinically important postoperative complications rather than to IFIS alone. We found no such association among patients prescribed other ␣-blocking medications or among those previously exposed to tamsulosin. This finding is novel because it tested for a drugprocedure interaction and produced a population-based risk estimate.
Our findings are strengthened by the inclusion of consecutive surgeries, the population-based nature of the sample, and the negative finding within the tracer population of proton pump inhibitor users. Because the cataract surgery and adverse outcomes were linked regardless of what physician the patients saw postoperatively, cases were lost to follow-up only when patients sought postoperative care outside the province-an extremely infrequent occurrence. The case-control design is well-suited to this question because serious cataract surgical complications are rare, and nesting the analysis within a predefined cohort helped to identify suitable controls. Furthermore, matching according to age, surgeon, and year of surgery served to minimize bias. 22 Our overall adverse event rate is comparable with those from other studies. [28] [29] [30] [31] [32] However, most studies examining the effect of tamsulosin have been small and have focused on the intermediate measure of IFIS. 7, 8, 33 Furthermore, few have studied the effect of timing of tamsulosin therapy or controlled for potential confounders, such as surgeon volume and ocular and disease comorbidity. Thus, our study contributes on several fronts.
Why did we find an effect with tamsulosin but not with other ␣-blocking drugs? This may relate to differences in receptor affinity between tamsulosin and other related medications. It is believed that tamsulosin is more highly selective for ␣ 1a -adrenergic receptors than other ␣-blocker drugs. 14, 34 These particular receptors are present in bladder-neck smooth muscle and in the iris dilator muscle. Blockage of the iris dilator allows unopposed action of the parasympathetically innervated iris constrictor muscle and loss of iris tone, resulting in the clinical syndrome of IFIS. 14, 34 In contrast, the design of the study and the hierarchical method of ascribing medication exposure precluded us from fully evaluating the effect of other ␣-blocking drugs. In many cases, those prescribed tamsulosin were previously prescribed another ␣-blocking drug so disentan- a We are unable to display information on cell sizes less than 6. b Adjusted for diabetes, low income status, number of drugs taken in the previous year, antibiotic or antiviral treatment, glaucoma treatment, anti-inflammatory treatment, combination treatment of steroids and antibiotics, mydriatics, and antiallergy medication. c The no-exposure group were patients who had no exposure to an ␣-blocker in the 365 days before surgery. d The recent exposure group comprised individuals whose most recent prescription for an ␣-blocker ended within 14 days of cataract surgery, including a 20% grace period to accommodate nonadherence. e Other drugs include alfuzosin, doxazosin, prazosin, or terazosin. f Analysis for proton pump inhibitors excluded patients who had any exposure to tamsulosin or another ␣-blocker in the 365 days preceding cataract surgery. g Previous-exposure group were those who filled a prescription in the year prior to surgery but who did not qualify for the recent-exposure group (ie, those exposed with prescriptions ending between 15 and 365 days before cataract surgery).
gling an effect may be more complicated. Furthermore, the study may have been underpowered to detect a smaller estimated risk, despite the large sample size. Notably, the upper value of the 95% CI for the adjusted OR of 1.54 still includes a potentially clinically important effect. Indeed, some studies of IFIS have also implicated other ␣-blocking drugs such as alfuzosin. 5, 11 Recent safety warnings about tamsulosin and increasing clinician awareness may lead to the practice of discontinuing tamsulosin prior to cataract surgery.
7,15-17 Our findings could not confirm whether this is an effective management strategy for several reasons. First, the adjusted OR associated with previous tamsulosin exposure was not statistically significant. However, our estimates may have had limited power to detect an effect because of the relatively small number of previous tamsulosin users. The CIs were wide and included values of clinically important higher and lower risk. Moreover, our methods could not reliably identify those individuals who were prescribed tamsulosin close to the time of surgery but who were instructed to not take the medication. Second, discontinuation of tamsulosin may not be a good clinical strategy because this can result in acute urinary retention, which also has significant morbidity and mortality risks. 35 This must be weighed against our estimated NNH of 255. Third, we could not determine whether replacing tamsulosin with another ␣-blocking medication would change the risks related to surgery because IFIS can occur many months after stopping tamsulosin therapy. 7, 8, 33, 36 Our study has several important limitations. First, we used administrative health data, which lacks clinical information for detailed case-mix adjustment. Noting the difficulty of the cataract surgery using clinical records may explain some of the observed differences in patient outcomes. 37 However, our analysis did account for patient age, sex, and many potential confounders that could complicate cataract surgery such as diabetes and other eye diseases.
Second, our claims data confirm only that prescriptions were filled; not whether the drugs were ingested. Third, although our study included 96 128 consecutive cataract surgeries, the small number of patients in our subgroup analyses may have limited power to detect significant effects. Fourth, many study patients were accrued after published evidence of an association between tamsulosin and IFIS. 7 We could not determine whether surgeons anticipated IFIS or used medical or surgical interventions such as iris expansion hooks, intracameral phenylephrine, or preoperative atropine. 34, 38, 39 Such interventions might reduce risks for complications. Furthermore, a knowledge of tamsulosin exposure might lead to closer postoperative scrutiny, thereby increasing the diagnosis of adverse events. However, our study period also included several years prior to the first description of IFIS in 2005, and data from this earlier era would not be subject to increased surveillance and ascertainment bias. Moreover, the adverse events we selected are usually dramatic, quickly present to medical attention, and require procedural interventions.
Fifth, we did not assess whether high doses of the individual ␣-blocking drugs were associated with changes in risk. Again, these types of subgroup analyses would have limited power due to the low adverse event rates in cataract surgery. Sixth, we excluded adverse events occurring more than 2 weeks after surgery, which may underestimate the true adverse event rate. However, most such cases would usually present within this time frame. 40 Seventh, our estimate of retinal detachment may be an underestimate because we captured retinal detachments repaired via vitrectomy and air or fluid exchange but not those repaired by scleral buckling. Similarly, our estimate of lost lens or lens fragment may be an underestimate because the procedure of dislocated lens extraction may not be performed if the lost lens or lens fragment is not considered to compromise visual outcome. Eighth, our hierarchical approach to drug exposure assessment did not account for possible interaction or additive effects of ␣-blocking medications. Ninth, since we did not measure IFIS directly, we are unable to definitively connect the adverse outcomes with IFIS. Tenth, our study was restricted to men older than 65 years. The findings may still pertain to younger individuals, although they may have a lower absolute risk of adverse events. 23 Finally, because our data sources do not specify which eye underwent cataract surgery, it is possible that we captured postoperative complications occurring in the contralateral (nonoperative) eye. However, requiring such care within 2 weeks of surgery should be extraordinarily rare. Similarly, the procedures counted as adverse events can sometimes be unrelated to cataract surgery (eg, macular pathology from diabetes and macular degeneration). Still, it is unlikely that procedures for these conditions would be performed in the nonoperative or fellow eye within 2 weeks of cataract surgery. On balance, we believe it unlikely that any of these limitations would invalidate our principal finding of an increased risk of adverse events in patients dispensed tamsulosin in the weeks immediately preceding surgery.
Our finding that tamsulosin exposure is associated with an increased risk of postoperative complications concurs with prior studies of intraoperative adverse events. We believe that this is the first large study with an adequate study design to describe this effect and provide a population-based risk estimate (something that can only be done using population-based observational research). It is unclear whether drug discontinuation prior to surgery reduces this risk. Because the combination of cataract surgery and tamsulosin exposure is relatively common, patients should be properly appraised of the risks of drug therapy and preoperative systems should focus on the However, the Million Women Study 3 with 948 576 women and 2273 incident cases of ovarian cancer found an increased risk of ovarian cancer, but no significant differential effect of ET vs EPT.
Furthermore, cyclic treatment has been found to increase the risk of ovarian cancer more than continuous combined treatment. 4, 5 This finding, however, was not supported by the Million Women Study. 3 Little is known about a potentially differential effect of routes of administration on ovarian cancer risk. To our knowledge no evidence exists on the risks associated with vaginal ET or transdermal vs oral EPT. 3 Therefore, more data are needed to clarify the risk of ovarian cancer associated with different HT formulations, regimens, and routes of administration.
We examined the risk of ovarian cancer associated with different HT types.
METHODS
The Danish Sex Hormone Register Study (DaHoRS) initiated in 1995 follows a national cohort of Danish women aged 15 through 79 years to explore the influence of sex hormones on the risk of cardiovascular diseases and different female cancers. 6 Since 1960, all citizens in Denmark have a personal identification number, registered in the Civil Registration System that also records the date of birth, immigration and emigration status, deaths, and actual residence. The personal identification number allows reliable linkage between various national registers for scientific purposes.
To explore the influence of sex hormones on the risk of cardiovascular diseases and various female cancers, including ovarian cancer, the DaHoRS cohort has been linked to 7 national registers: (1) the Civil Registration System: (2) the Context Studies have suggested an increased risk of ovarian cancer among women taking postmenopausal hormone therapy. Data are sparse on the differential effects of formulations, regimens, and routes of administration.
Objective To assess risk of ovarian cancer in perimenopausal and postmenopausal women receiving different hormone therapies. 
Design and Setting
Results
In an average of 8.0 years of follow-up (7.3 million women-years), 3068 incident ovarian cancers, of which 2681 were epithelial cancers, were detected. Compared with women who never took hormone therapy, current users of hormones had incidence rate ratios for all ovarian cancers of 1. 
Study Population
The present study includes women from the DaHoRS restricted to all Danish women who were at least 50 years by January 1, 1995, through December 31, 2005 (n=960 887; FIGURE 1).
The study was approved by the Danish Data Protection Agency and the Danish Medicinal Agency (Laegemiddelstyrelsen). The Danish Ethical Committee takes no interest in Danish Register studies and informed consent is not required.
Exclusion Criteria and Censoring
From the initial 960 887 women, we excluded women registered in the Danish Cancer Register with a diagnosis of ovarian cancer prior to entry or after January 1, 1995, but prior to their 50th birthday). This was to ensure that all the women in the analysis had not ever had ovarian cancer.
Because the National Register of Patients was updated until December 31, 2005, we used this register for censoring during follow-up of other cancers that potentially would have caused a change in ordination of HT in Denmark. The same register was used for exclusion of these cancers prior to entry (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) Women who, according to the National Register of Patients, prior to entry (1980-1995 or after January 1, 1995, but prior to their 50th birthday) had bilateral oophorectomy (surgical code, 60120 or KLAE20/21) or bilateral salpingo-oophorectomy (60320 or KLAF10/11) were excluded (n=16 006).
Women who were 80 years or older (n = 107) or had a diagnosis of ovarian cancer on the day of study entry (n=1) were excluded. This left a total of 909 946 women at study entry.
Censoring was made at time of death, emigration, event of other cancers known to influence hormone use, at time of bilateral oophorectomy or salpingo-oophorectomy, at 80 years, or at the end of the study period.
Identification of Exposure (Postmenopausal Hormone Use)
The study cohort was linked to the National Register of Medicinal Product Statistics using the personal identification number as the key identifier. The register includes information on the date of the redeemed prescription, the specific Anatomical Therapeutical Chemical code, dose, number of packages, defined daily doses, and route of administration (tablet, patch, gel, etc). The included codes have been previously described. 6 Briefly, prior to data retrieval, detailed rules were used to allocate the different subgroups of hormone use and for shift between different groups. The prescribed defined daily doses determined the length of use, and combination therapy trumped singlepreparation therapy in the case of contemporary prescriptions even though the estrogen dose was upgraded.
The information on initiation of hormone use (ie, redeemed prescriptions) was updated daily for each individual during the study period. All the records of hormone exposure were prolonged by 4 months at the expiration of the prescription to account for delay in the recorded diagnoses in Danish registers, prolonged HT for those taking less than the defined daily dose prescribed, and a minor latency time. Thus, gaps between prescriptions were filled prospectively if not longer than 4 months.
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Because HT probably acts as a promoter of the ovarian cancer carcinogenesis with a minor latency time, women currently taking hormones were allocated to the hormone type taken for the longest period during the study period. However, these variables were time dependent, ie, a change in HT type would recategorize a woman into a new category of HT, if at the time she was taking a new HT longer than the former HT. Exposure to hormones before age 50 years, but within the 11-year study period, was added to the hormone status and duration of use. This allowed for sensitivity analyses on the effect of less complete exposure history among women entering the cohort at older ages.
To account for women redeeming only 1 prescription (nonadherence), a category of less than a year of use was included in the duration variable. Hormone therapy was categorized according to HT status, which includes never, past, current nonvaginal HT, current vaginal estrogen (0.25 mg/d typically taken over 2-3 days) or hormone intrauterine device (IUD); hormone formulation, which includes never, past, estrogen only, estrogen/progestin, progestin only, tibolone and raloxifene, hormone IUD, or vaginal estrogen; hormone regimen, which includes never, past, cyclic combined EPT, long-cycle combined EPT (ie, simultaneous redemption 7-14 times more than the defined daily dose of estrogen than the defined daily dose of progestin), continuous combined EPT, progestin only therapy, estrogen only therapy, tibolone, raloxifene, hormone IUD, or vaginal estrogen; route of administration, which includes never, past, oral estrogen, dermal estrogen, oral combined estrogen plus progestin, dermal combined estrogen plus progestin, hormone IUD, or vaginal estrogen; progestin type, which includes never, past, noresthisterone acetate, medroxyprogesteron, levonorgestrel, cyproterone acetate, estrogen only, tibolone, raloxifene, hormone IUD, or vaginal estrogen; estrogen dose, which includes never, past, high (Ͼ2 mg/d of estradiol), middle (1-2 mg/d), low (Ͻ1 mg/d), tibolone, raloxifene, hormone IUD, or vaginal estrogen; duration of HT, which includes never, past, current, Ͻ1, 1 to 4, Ͼ4 to 7, and Ͼ7 years, hormone IUD, or vaginal estrogen; and time since last use in years among former users, which includes current, 0 to 2, Ͼ2 to 4, Ͼ4 to 6, and Ͼ6 years, never, hormone IUD, or vaginal estrogen).
Identification of Ovarian Cancer Cases
The Information on the histology of tumors wasobtainedfromtheDanishCancerRegister until 2003 and from the Pathology Registerfrom2003.Thetumorswereclassified as either epithelial tumors (ie, clear cell, endometroid, mucinous, serous, adenocarcinomanototherwisespecified,and epithelial or nonepithelial tumors (ie, sex cord stromal, germinal cell, and tumors not otherwise specified or other morphology codes ending with a 3). Borderline tumors were not included. No histology informationwasavailablefor8womenwith ovarian cancer. These women were excluded from the analyses of the associations between HT and epithelial ovarian cancer but were included in the overall ovarian cancer analyses.
Analysis
The data were analyzed with Poisson regression analysis using SAS statistical software version 9.1 (SAS Institute Inc, Cary, North Carolina). Incidence rate ratios (RRs) and 95% confidence intervals (CIs) were calculated for each model. Age was calculated from birth dates, which were extracted from personal identification numbers. Age was used as the timescale in the Poisson regression analyses, and data were divided into 5-year age bands (50-54, etc) , assuming a constant risk of ovarian cancer within each band. Each model was checked for significance of interaction between age and exposure. All tests were 2 sided with a 5% significance level.
Furthermore, hysterectomy, period of use, and duration of HT were evaluated as possible effect modifiers; no effect modification was found, however. Potential confounders were number of births (0, 1, 2, Ͼ2) (ICD8/ ICD10: 650-666/DO 60-84), hysterectomy (surgical code, 610/KLCD00-97), sterilization (608-640/KLGA), unilateraloophorectomy (60100/ KLAE10-11), and unilateral salpingooophorectomy (60300/LAE00/01), endometriosis (625.29-39/DN80), infertility (628/DN97), and educational status in 1995 (no education after elementary or high school; occupational basic education; short-term, middle-term, or long-term education; or educational status unknown). In addition, adjustments were made for period of use (1995-2002 or 2003-2005) to account for possible differences in ovarian cancer diagnosis in the Danish Cancer Register and Pathology Register. The following variables were time dependent: HT variables, hysterectomy, sterilization, unilateral oophorectomy or salpingooophorectomy, and number of births. Women who had been diagnosed with endometriosis or infertility were considered being in this condition during the study period.
The crude models included hormone exposure, age, and period of use.
Analyses were performed for all ovarian cancers as well as for all epithelial cancers. The number of women exposed to progestin-only therapy, raloxifene, tibolone, hormone IUD combinations, and conjugated estrogens were too few to determine risk estimates.
The reference group were those who had never used any HT.
Differences between HT types were tested; ET vs EPT, long cyclic and cyclic vs continuous EPT, and transdermal or vaginal vs oral HT. We took consistency of findings into consideration when the interpretation was made.
The least detectable difference between never and current users with a power of 80% and significance level of 5% was an RR of 1.14. For comparisons between ET vs EPT and cyclic vs continuous EPT, the least detectable difference was an RR of 1.3.
Two sensitivity analyses were performed. In the first analysis, we carried forward the first recorded HT that each woman used to the remaining exposed time. Thus, events of ovarian cancer were linked to the first-used HT. In the second analysis, we censored women who had changed to another HT type during follow-up but were included in the analysis if they had started and stopped the same HT.
Incidence rates (cases/person-years) were calculated among never and current users per 1000 years using crude data. The absolute risk difference (incidence rates exposed −incidencerates unexposed )andthe number needed to harm (1/(incidence rates exposed −incidence rates unexposed ) were also calculated.
RESULTS
From 1995 to 2005, 909 946 perimenopausal and postmenopausal women with no previous hormone-sensitive cancer or bilateral oophorectomy or salpingo-oophorectomy accumulated 7.3 million women-years corresponding to an average follow-up of 8.0 years. The number of incident malignant ovarian cancers during the study period was 3068. Of these, 2681 were epithelial tumors, including 1336 serous tumors, 377 endometroid, 293 mucinous, 159 clear cell, and 115 nonspecified epithelial tumors, and 401 adenocarcinoma not otherwise specified. Only 55 were nonepithelial tumors, and 324 were unspecified. Eight cases had no information on histology. The focus of this study was on the epithelial cancers.
At the end of follow-up, 63% of the women had not been taking HT, 22% were previous users of hormones, and 9% current users of hormones. Among the current users, 46% had used hormones for more than 7 years (TABLE 1). Compared with never users, more hormone users had hysterectomy or unilateral salpingo-oophorectomy (Table 1) . Among the never users, fewer women were sterilized and fewer were parous (Table 1) . Compared with never users, more women taking ET and transdermal HT had surgical procedures (hysterectomy, unilateral salpingo-oophorectomy, or oophorectomy) and endometriosis. More women taking ET were Table 2 ). The duration categories of less than a year and between 1 to 4 years were combined because the risk values were similar.
We subcategorized previous users according to time since last use and found an increased risk for epithelial ovarian cancer for a period of up to 2 years after cessation of HT. Thereafter, the risk approached that observed in never users (FIGURE 2). The RRs for time since use in years were 1.22 (95% CI, 1.02-1.46) from 0 to 2 years, 0.98 (95% CI, 0.75-1.28) from more than 2 to 4 years, 0.72 (95% CI, 0.50-1.05) from more than 4 to 6 years, and 0.63 (95% CI, 0.41-0.96) for more than 6 years. The RR values for time since last use were similar after additional adjustment for previous hormone duration. Crude and adjusted RR values were nearly identical (data not shown).
Estrogen Therapy vs Combined Therapy
Compared with women who had never taken HT, those who had were at increased risk of epithelial ovarian cancer (RR, 1.31; 95% CI, 1.11-1.54) (TABLE 3) . Similarly, women currently taking EPT also had an increased risk of epithelial ovarian cancer compared with never users (RR, 1.50; 95% CI, 1.34-1.68; Table 3 ). The difference between ET and EPT was not statistically significant (P=.16).
Compared with women who never took HT, increasing the daily dose of estrogen was not consistently associated with the risk of epithelial ovarian cancer, and adjustment for the duration of HT did not change the estimates (Table 3) . Increasing the duration of ET was weakly associated with the risk of epithelial ovarian cancer, while no consistent associations between duration of EPT use and risks of epithelial ovarian cancer were found (FIGURE 3).
Continuous vs Cyclic Therapies
Compared with women who had never taken HT, women taking cyclic EPT or EPT for long cycles were at higher risk of epithelial ovarian cancer (RR, 1.50; 95% CI, 1.31-1.72 and RR, 2.05; 95% CI, 1.44-2.93, respectively). For women taking EPT continuously, the risk of epithelial ovarian cancer was also increased (RR, 1.40;95% CI, 1.16-1.69), a risk not statistically significantly different from the cyclic combined regimens (P=.55 and P=.06, respectively; Table 3 ).
Combined therapy with norethisterone was associated with an increased risk of epithelial ovarian cancer (RR, 1.55; 95% CI, 1.36-1.76), which was not significantly different from the RRs associated with medroxyprogesterone, levo- HORMONE THERAPY AND OVARIAN CANCER norgestrel, or cyproterone acetate (Table 3) .
Route of Administration
Compared with never users, the group treated with transdermal administration of ET had a risk of ovarian cancer of 1.13 (95% CI, 0.74-1.71) vs an increased risk for those taking oral ET (RR, 1.34; 95% CI, 1.12-1.60); however, the difference was not statistically significant (P=.44; Table 3 ). Also, vaginal administration of ET was associated with a slightly increased risk of epithelial ovarian cancer (RR, 1.23; 95% CI, 1.00-1.52), not different from oral estrogen (P=.53). Women taking oral EPT had an increased risk of epithelial ovarian cancer (RR, 1.48; 95% CI, 1.32-1.65) compared with women who never took HT (Table 3 ). There was no significant difference in the risk of epithelial ovarian cancer between the use of oral and transdermal EPT (P = .54).
Crude Absolute Risks
Crude incidence rates for ovarian cancer per 1000 years was 0.40 in never users and 0.52 in current users, which translates to an absolute risk difference of 0.12 per 1000 years. If the difference in risk between never users and current users is due to HT, these results imply that use of HT resulted in about 1 extra case of ovarian cancer for roughly every 8300 women taking HT each year. Applying the absolute risk difference to the hormone use in Denmark from 1995 to 2005 (number of person years: 1 183 980), hormone use is estimated to have resulted in about 140 additional cases of ovarian cancer over the mean follow-up of 8 years.
Sensitivity Analyses
The results did not change when women were allocated to the HT type used first. Nor did the results change when women were censored during follow-up at time of change to another HT type.
COMMENT
This cohort study confirms that women who have taken HT are at higher risk 
Duration and Dosage
Our data show increased risk of ovarian cancer even with short durations of hormone use (0-4 years). This finding contrasts some prior studies that were not able to detect increased risk with HT of less than 5 years. [2] [3] [4] In regard to ET, we found an increasing risk of cancer with increasing length of use, which is in accordance with findings from the Nurses' Health Study. 2 One Danish study found that the cumulative ET dose was more important than the duration of use. 8 In our study, however, no consistent association was found between increasing dose of ET and the risk of ovarian cancer.
In accordance with the Million Women Study and the Nurses' Health Study, past HT users had only a slightly increased risk of ovarian cancer, and the excess risk was not apparent 2 years after cessation.
2,3
Estrogen vs Combined Therapy
In agreement with 2 recent studies, we found that ET and EPT were associated with an approximately similar and increased risk of ovarian cancer. 3, 5 A review and meta-analysis of data published between 1966 and 2006 also supports our finding of an increased risk of ovarian cancer associated with both ET and EPT.
1 Another recent study was only able to detect increased risks of ovarian cancer with use of combined therapies for 5 or more years.
5
Cyclic vs Continuous Hormone Regimen
A higher risk of ovarian cancer has been suggested for women taking EPT cyclically than women taking EPT continuously. 4 ,5 The Women's Health Initiative (WHI) reported an increased risk of ovarian cancer associated with continuous EPT compared with placebo. 9 We found that both cyclic and continuous EPT increased the risk of ovarian cancer, but the risks did not differ significantly in magnitude. Typically, women taking EPT continuously have taken cyclic EPT previously. However, the results were similar after restricting the analyses to women not changing HT type during follow-up.
Administration and Hormone Types
In accordance with the Million Women Study, we found no significant difference in risk according to route of administration. 3 The slightly increased risk with vaginal administration of ET is not documented in other studies. Therefore, caution should be taken with conclusions assuming causality. In the present study, norethisterone demonstrated the same risk as the other types of progestins, which is in line with a previous study. 3 Few women, however, were exposed to the other progestins; therefore, we were unable to detect minor differences in risk.
Implications
The absolute risk increase was 0.12 per 1000 years. If this association is causal, use of hormones has resulted in roughly 140 extra cases of ovarian cancer in Denmark over the mean follow-up of 8 years, ie, 5% of the ovarian cancers in this study. Even though this share seems low, ovarian cancer remains highly fatal, so accordingly this risk warrants consideration when deciding whether to use HT.
Strengths
Our nationwide study is a large-scale (historical) prospective cohort study with 909 946 Danish women followed up for 11 years. We had complete follow-up until diagnosis of cancer, bilateral oophorectomy, emigration, death, or end of study. Our large number of outcomes permitted us to perform detailed subanalyses of separate hormone formulations, regimens, routes of administration, progestin types, different estrogen dosages, as well as different durations of HT. We consider the validity of our outcome to be high, because the Cancer Register has both a high level of completeness and correctness of diagnosis. [10] [11] [12] We used the Pathology Register for case finding from 2002 until 2005. The agreement of histological ovarian cancer diagnoses between the Pathology Register and the Cancer Register is high, and our estimates did not depend on the source of diagnoses. 13 The validity of our exposure is presumed to be high because recall bias was eliminated. The information on the prescribed HT was transferred automatically from the pharmacies by bar codes. Our information on both exposures and confounders was updated daily. The exposure information comprised at what time the women were exposed during our follow-up, for how long, and to which type of HT. Information on HT and ovarian cancer was registered in the Danish registers without the aim of exploring the association between HT and clinical outcomes, making differential ascertainment of exposure and cancer incidence unlikely.
We excluded women with previous hormone-sensitive cancer because this might affect both HT and the subsequent risk of ovarian cancer. Our results were adjusted for age, period of use, educational status, number of births, hysterectomy, sterilization, unilateral oophorectomy and salpingooophorectomy, endometriosis, and infertility. There was no significant confounding by any of the included variables. We attempted to account for delay in the diagnosis of ovarian cancer by prolonging exposure data by 4 months. Finally, our sensitivity analyses showed that our results remained the same after addressing HT first used and women exposed only to 1 type of HT during follow-up.
Limitations
We were not able to adjust for age at menopause and use of oral contraceptives. Women with early natural menopause are more likely to use hormones compared with women with late natural menopause. Because natural early menopause tends to decrease the HORMONE THERAPY AND OVARIAN CANCER risk of ovarian cancer, more women taking HT could have an a priori decreased risk of ovarian cancer. Similarly, more previous users of oral contraceptives become hormone users in later life. 14, 15 Because oral contraceptives decrease the risk of ovarian cancer, our results may be slightly underestimated. The Million Women Study adjusted for age at menopause, oral contraceptive use, body mass index, alcohol consumption, smoking, and physical activity, but these adjustments did not show substantial changes in their findings, indicating only minor confounding by these factors. 3 In addition, the Nurses' Health Study reported only minimal changes in the association between HT and ovarian cancer after adjustment for relevant potential confounders, including duration of oral contraceptive use, natural menopause, and age at menarche. 2 Women with a family history of cancer are less likely to use HT. The lack of this potential confounder might have underestimated our results. For high body mass index and smoking, a recent Danish study found no associations with ovarian cancer risk as a combined outcome. 16 The effect of physical activity on ovarian cancer risk is controversial.
Information on women who underwent surgical procedures was not available in the registers among the oldest women. Hysterectomy and oophorectomy reduce the risk of ovarian cancer and often lead to HT, probably causing an underestimation of our results among the older women. However, despite our uneven adjustment for confounders, the risk of ovarian cancer was nearly identical across age groups and was similar for the different HT types across age.
The missing potential confounders in this study are therefore not a major concern and will most likely not overestimate the effect.
Another limitation is the lack of information on hormone exposure prior to study entry. Thus, older women who were not prescribed HT during follow-up might have been taking hormones before the study entry. However, the association between HT use, duration of use, and risk of ovarian cancer was similar among young women for whom complete information on HT exposure history was available, compared with older women. This finding reduces the probability of bias caused by exposure misclassification. Finally, it is worth stating that whether the prescribed medicine was actually taken is unknown. Repeated prescriptions, however, reduce this potential bias. It is possible that some women take fewer pills than the prescribed defined daily doses, thereby prolonging the HT. This would tend to underestimate our results.
CONCLUSION
In conclusion, our study suggests an increased risk of ovarian cancer with both estrogen therapy and combined HT, with little influence of different regimens, progestin types, routes of administration, length of use, and different doses. Thus, the risk of ovarian cancer is one of several factors to take into account when assessing the risks and benefits of hormone use. ful risk factor for cardiovascular events. The Framingham Heart Study reported that diabetes was associated with odds ratios for coronary heart disease of 1.5 and 1.8 for men and women, respectively, and relative risks for stroke of 1.4 and 1.7 for men and women, respectively. [1] [2] [3] [4] [5] Individuals with diabetes have a 2-to 4-fold increased risk of developing cardiovascular events than those without diabetes. 6 Several earlier investigations have shown that aspirin therapy is established as a secondary prevention strategy for cardiovascular events.
7-9 Clinical guidelines have recommended that individuals with risk factors for coronary heart disease should take aspirin for primary prevention and for secondary prevention; in particular, those with diabetes were considered good candidates for aspirin except for those with contraindications. [10] [11] [12] [13] [14] [15] The American Diabetes Association recommends use of aspirin as a primary prevention strategy in patients with diabetes who are at increased cardiovascular risk, including those who are older than 40 years or who have additional risk factors, such as family history of coronary heart disease, hypertension, smoking, dyslipidemia, or albuminuria. 16 Nonetheless, the clinical trial data for aspirin in primary preven- Context Previous trials have investigated the effects of low-dose aspirin on primary prevention of cardiovascular events, but not in patients with type 2 diabetes.
Objective To examine the efficacy of low-dose aspirin for the primary prevention of atherosclerotic events in patients with type 2 diabetes. Interventions Patients were assigned to the low-dose aspirin group (81 or 100 mg per day) or the nonaspirin group.
Main Outcome Measures
Primary end points were atherosclerotic events, including fatal or nonfatal ischemic heart disease, fatal or nonfatal stroke, and peripheral arterial disease. Secondary end points included each primary end point and combinations of primary end points as well as death from any cause. 
16).
The combined end point of fatal coronary events and fatal cerebrovascular events occurred in 1 patient (stroke) in the aspirin group and 10 patients (5 fatal myocardial infarctions and 5 fatal strokes) in the nonaspirin group (HR, 0.10; 95% CI, 0.01-0.79; P = .0037). A total of 34 patients in the aspirin group and 38 patients in the nonaspirin group died from any cause (HR, 0.90; 95% CI, 0.57-1.14; log-rank test, P=.67). The composite of hemorrhagic stroke and significant gastrointestinal bleeding was not significantly different between the aspirin and nonaspirin groups.
Conclusion
In this study of patients with type 2 diabetes, low-dose aspirin as primary prevention did not reduce the risk of cardiovascular events.
Trial Registration clinicaltrials.gov Identifier: NCT00110448
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www.jama.com tion are limited. Several large trials of aspirin for primary prevention have examined its effects in subgroups with diabetes; these subgroup analyses did not demonstrate a significant effect on reducing vascular events because they were underpowered. 17-21 Thus, a primary prevention trial of aspirin for diabetic patients is needed.
The Japanese Primary Prevention of Atherosclerosis With Aspirin for Diabetes (JPAD) trial was undertaken to examine the efficacy of low-dose aspirin therapy for the primary prevention of atherosclerotic events in patients with type 2 diabetes.
METHODS
The JPAD trial was a prospective, randomized, open-label, controlled trial with blinded end-point assessment. Patient enrollment started in December 2002 and was completed in May 2005; patients were followed up until April 2008. Patients were enrolled and followed up at 163 institutions throughout Japan. The institutional review board at each participating hospital approved this trial, and written informed consent was obtained from each patient.
Trial Population
The inclusion criteria were diagnosis of type 2 diabetes mellitus, age between 30 and 85 years, and ability to provide informed consent. The exclusion criteria were electrocardiographic changes consisting of ischemic ST-segment depression, ST-segment elevation, or pathologic Q waves; a history of coronary heart disease confirmed by coronary angiography; a history of cerebrovascular disease consisting of cerebral infarction, cerebral hemorrhage, subarachnoid hemorrhage, and transient ischemic attack; a history of arteriosclerotic disease necessitating medical treatment; atrial fibrillation; pregnancy; use of antiplatelet or antithrombotic therapy, defined as aspirin, ticlopidine, cilostazol, dipyridamole, trapidil, warfarin, and argatroban; a history of severe gastric or duodenal ulcer; severe liver dysfunction; severe renal dysfunction, and allergy to aspirin.
Trial Protocol
Enrolledpatientswererandomlyassigned to the aspirin group or the nonaspirin group.Therandomizationwasperformed asnonstratifiedrandomizationfromarandom number table. The study center prepared the sealed envelopes with random assignmentsanddistributedthembymail to the physicians in charge at the study sites. Patients in the aspirin group were assigned to take 81 mg or 100 mg of aspirin once daily. Patients were followed up at each hospital visit or by telephone if necessary. Follow-up visits were scheduled every 2 weeks for patients seen in a clinicsettingandevery4weeksforpatients seen in a hospital setting. Data for patients who were lost to follow-up were included at the day of last follow-up. Patients were allowed to use any concurrent treatment. Patientsinthenonaspiringroupwerealso allowed to use antiplatelet/thrombotic therapy, including aspirin, if needed and vice versa.
End Points
The primary end point was any atherosclerotic event, which was a composite of sudden death; death from coronary, cerebrovascular, and aortic causes; nonfatal acute myocardial infarction; unstable angina; newly developed exertional angina; nonfatal ischemic and hemorrhagic stroke; transient ischemic attack; or nonfatal aortic and peripheral vascular disease (arteriosclerosis obliterans, aortic dissection, mesenteric arterial thrombosis) during the follow-up period. Key secondary end points were each primary end point and combinations of primary end points and death from any cause. Adverse events analyzed included gastrointestinal (GI) events and any hemorrhagic events other than hemorrhagic stroke. All potential primary end points, secondary end points, and adverse events were adjudicated by an independent committee on validation of data and events that was unaware of the group assignments.
Sample Size Calculation
For sample size calculation, we first estimated the incidences of cardiovascular and cerebrovascular events among Japanese diabetic patients. The incidence of cardiovascular death, myocardial infarction, and cerebrovascular events were 7.5, 7.5, and 8.0 events per 1000 Japanese diabetic patients per year, respectively, according to the Hisayama-cho study 22 and Funagata study. 23 The total incidence of the atherosclerotic events, including peripheral arterial disease, was suggested to be 3 times the aforementioned number by the Hypertension Optimal Treatment (HOT) study. 24 Because the recent incidence of atherosclerotic events among Japanese individuals seemed relatively lower than that previously reported in Japan, we discounted 25% of the estimated 69 events that were expected to occur and estimated that 52 events per 1000 Japanese diabetic patients would occur annually.
Based on a 2-sided ␣ level of .05, a power of 0.95, an enrollment period of 2 years, and a follow-up period of 3 years after the last enrollment, we estimated that 2450 patients would need to be enrolled to detect a 30% relative risk reduction for an occurrence of atherosclerotic disease by aspirin.
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Statistical Analyses
Efficacy comparisons were performed on the basis of time to the first event, according to the intention-to-treat principle, including all patients in the group to which they were randomized with patients lost to follow-up censored at the day of the last visit. Safety analyses were performed on data from all enrolled patients. Following the descriptive statistics, cumulative incidences of primary and secondary end points were estimated by the Kaplan-Meier method and differences between groups were assessed with the log-rank test. We used the Cox proportional hazards model to estimate hazard ratios (HRs) of aspirin use along with 95% confidence intervals (CIs). We used the 2 test or Fisher exact test to evaluate adverse events.
We also conducted subgroup analyses for predetermined subgroups: sex (men, women); age (younger than 65 years, 65 years or older); hypertensive
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©2008 American Medical Association. All rights reserved. All statistical analyses were conducted using SAS version 9.1 (SAS Institute Inc, Cary, North Carolina) and S-Plus version 7.0(InsightfulCorp,Seattle,Washington). P values of less than .05 were considered statistically significant. An independent safety monitoring board monitored the safetyandefficacyofthestudyafter2years offollow-upforaninterimassessmentand at the end of the study.
RESULTS
Study Population
The study screened 2567 patients with type 2 diabetes mellitus without a history of atherosclerotic disease, including cardiovascular disease, stroke, and peripheral vascular disease, from December 2002 to May 2005 in 163 institutions (FIGURE 1). Six patients who withdrew their informed consent were excluded. Twenty-two patients met exclusion criteria. We randomly assigned 2539 patients as follows: 1262 patients in the aspirin group and 1277 patients in the nonaspirin group. Patients were followed up until April 2008. The median follow-up period was 4.37 years (95% CI, 4.35-4.39). A total of 193 patients were lost to follow-up, and data for those patients were censored at the day of last follow-up.
Baseline Clinical Characteristics
Baseline clinical characteristics, including treatments for diabetes, hypertension, and dyslipidemia and diabetic microvascular complications, were similar between the 2 groups (TABLE 1). Overall mean (SD) age was 65 (10) years; 55% of patients were men. Median duration of diabetes was 7.3 years in the aspirin group and 6.7 years in the nonaspirin group. Diabetes was well controlled in both groups: mean (SD) levels of glycated hemoglobin were 7.1% (1.4%) in the aspirin group and 7.0% (1.2%) in the nonaspirin group. The prevalence of hypertension and dyslipidemia was 58% and 53%, respectively. Blood pressure was well controlled in both groups: mean (SD) systolic pressure, 136 (15) mm Hg; mean (SD) diastolic pressure, 77 (9) mm Hg in the aspirin group and mean (SD) systolic pressure, 134 (15) mm Hg; mean (SD) diastolic pressure, 76 (9) mm Hg in the nonaspirin group.
By the end of the study, 123 patients (10%) in the aspirin group had stopped taking the study medication. Since aspirin therapy was allowed in the nonaspirin group, 6 patients (0.5%) had taken aspirin and 3 patients (0.2%) had taken other antiplatelet medication.
Efficacy Analysis
A total of 154 atherosclerotic events occurred (TABLE 2). The incidence of the primary end point of any atherosclerotic event, a composite of sudden death, death from cardiovascular or aortic causes, nonfatal acute myocardial infarction, unstable angina, exertional angina, nonfatal ischemic and hemorrhagic stroke, transient ischemic attack, and nonfatal aortic and peripheral vascular disease (arteriosclerosis obliterans, aortic dissection, mesenteric arterial thrombosis), was not significantly different in the aspirin group (68 events, 5.4%) than in the nonaspirin group (86 events, 6.7%) (HR, 0.80; 95% CI, 0.58-1.10; log-rank test, P=.16) (Table 2 and FIGURE 2) .
The combined end point of fatal coronary events and fatal cerebrovascular events occurred in 1 patient (stroke) in the aspirin group and 10 patients (5 fatal myocardial infarctions and 5 fatal strokes) in the nonaspirin group (HR, 0.10;95%CI,0.01-0.79;P=.0037).Other secondarycoronary,cerebrovascular,and peripheral vascular disease end points are shown in Table 2 ; there were no significant differences between the aspirin group and the nonaspirin group in these end points. There were 2 deaths due to aortic dissection, both in the low-dose aspirin group, and 1 nonfatal aortic dissection in the nonaspirin group. A total of 13 hemorrhagic strokes occurred; the incidences in each group were similar (6 in the aspirin group and 7 in the Death from causes other than cardiovascular events were as follows for the aspirin group and nonaspirin group, respectively: there were 15 and 19 deaths due to malignancy, 2 and 5 due to infection, 3 and 0 due to suicide, 2 and 0 due to traffic crashes, and 1 and 1 due to liver cirrhosis. Therefore, 23 patients in the aspirin group and 25 patients in the nonaspirin group died from causes other than cardiovascular events. Eight patients in the aspirin group and 3 patients in the nonaspirin group died from unknown causes. A total of 34 patients in the aspirin group and 38 patients in the nonaspirin group died from any cause (HR, 0.90; 95% CI, 0.57-1.14; log-rank test, P=.67).
Subgroup Analyses
In the 1363 patients aged 65 years or older (719 in the aspirin group and 644 in the nonaspirin group), the incidence of atheroscleroticeventswassignificantlylower intheaspiringroup(45events,6.3%)than in the nonaspirin group (59 events, 9.2%) (HR, 0.68; 95% CI, 0.46-0.99; P=.047). In the 1176 patients younger than age 65 years, there were 23 events in the aspirin group (4.2%) and 27 events in the nonaspirin group (4.3%), a difference that wasnotsignificant(HR,1.0;95%CI,0.57-1.70; P=. 98) . A formal test of interaction with age did not show a significant result (P=.27). There were no significant differences between the aspirin group and nonaspirin group in other subgroup analyses, including men, women, hypertensive, normotensive, current or past smokers, nonsmokers, dyslipidemia, and normolipidemia (FIGURE 3) .
Safety
The prespecified analysis of adverse events is shown in TABLE 3. The hemorrhagic events consisted of GI bleeding in 12 patients in the aspirin group and 4 in the nonaspirin group and retinal hemorrhage in 8 patients in the aspirin group and 4 in the nonaspirin group. In the aspirin group, 4 patients had serious adverse events that needed a transfusion; no patients in the non- (15) 178 (14) Diabetic nephropathy 169 (13) 153 (12) Proteinuria, Ն15 mg/dL 222 (18) 224 (18) Diabetic neuropathy 163 (13) 137 (11) Dermal ulcer 6 (0.5) 6 (0.5) 
ASPIRIN FOR PREVENTING ATHEROSCLEROTIC EVENTS IN TYPE 2 DIABETES
©2008 American Medical Association. All rights reserved. at University of Illinois-Urbana Champaign on November 9, 2009 www.jama.com Downloaded from aspirin group required transfusion. Another 13 patients in the aspirin group had minor bleeding. There was no significant difference in the composite of hemorrhagic stroke and severe GI bleeding, which occurred in 10 patients in the aspirin group and in 7 patients in the nonaspirin group.
COMMENT
Myocardialinfarctionandischemicstroke are leading causes of mortality and morbidity in patients with type 2 diabetes. 25 Given the rapid increase in the number ofpatientswithtype2diabetesworldwide and especially in Asia, establishing effective means of primary prevention of coronary and cerebrovascular events is an important public health priority. 26 In the JPADprimarypreventiontrialof2539type 2 diabetic patients without documented cardiovascular disease, the incidence of the primary end point of total atherosclerotic events, consisting of coronary, cerebrovascular, and peripheral vascular events, was not significantly different in the group that received prophylactic aspirin (81 or 100 mg once daily) than in the nonaspirin group. With the exception of fatal coronary and cerebrovascular events, none of the prespecified secondary end points were reduced significantly in the low-dose aspirin group. The incidence of fatal coronary and cerebrovascularevents,aprespecifiedsecondaryend point,wassignificantlyreducedinthelowdose aspirin group (P=.0037). A benefit of low-dose aspirin on the primary end point also was suggested in the subgroup of patients aged 65 years or older, which had a significant 32% relative reduction in total atherosclerotic events (P=.047). The cardiovascular mortality benefit was achieved with a small increase in cases of serious GI bleeding (4 patients in the aspirin group had bleeding that required transfusion), but no excess of fatal GI or cerebral hemorrhages.
The JPAD trial enrolled 2539 diabetic patients without documented coronary or cerebrovascular complications; the samplesizewasthelargestamongtheprevious primary prevention studies in respect to the number of diabetic patients enrolled. However, no difference was found in the effect of aspirin on the primary end point or most secondary end points.
The interpretation of these results is challengingbecausetheoveralleventrates werelow:17in1000Japanesediabeticpa-tients. This is one-third of the event rate anticipatedinoursample-sizecalculations, which were based on the Hisayama-cho 22 andFunagata 23 epidemiologicstudiesconducted in Japan in the 1990s. Current treatment of cardiovascular risk factors in patients with type 2 diabetes has improved since the 1990s and may have ac- 
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counted for the lower event rates: there is better control of glucose, blood pressure, and lipid levels in clinical practice. The baseline characteristics of patients in the JPAD trial were similar to those in previous studies except that body mass index was relatively lower in the JPAD trial thanthatinthepreviousstudies,although similar to that in other studies of Japanese diabetics. 4, 6, [19] [20] [21] 27, 28 A meta-analysis of primary prevention trials that included the British Doctors' Trial, the Physicians' Health Study, the Thrombosis Prevention Trial, the Hypertension Optimal Treatment (HOT) study, the Primary Prevention Project (PPP) trial, and the Women's Health Study showed that aspirin therapy significantly reduced the risk of total coronary heart disease, nonfatal myocardial infarction, and total cardiovascular events with a nonsignificant trend for decreased risk of stroke, cardiovascular mortality, and all-cause mortality. 29 However, the evidence for aspirin in prevention of cardiovascular events in diabetic patients has been surprisingly scant. Previous studies investigating the effects of low-dose aspirin on primary prevention of cardiovascular events did not enroll solely diabetic patients but enrolled patients with hypertension in the HOT study; patients with 1 or more cardiovascular risk factors in the Thrombosis Prevention Trial and the PPP trial; and a healthy population in the British Doctors' Trial, the Physicians' Health Study, and the Women's Health Study.
Several large primary prevention trials have included subgroup analyses of patients with diabetes. The Physicians' Health Study of 22 071 healthy men randomized to receive 325 mg of aspirin every other day or placebo showed a significant reduction in myocardial infarction for the entire population, but there was no significant difference for the small number of individuals with diabetes in the 2 treatment groups (11/275 in the aspirin group and 26/258 in the placebo group).
18 The Antithrombotic Trialists' Collaboration meta-analysis of 287 randomized trials reported effects of antiplatelet therapy (mainly aspirin) vs control in 135 000 patients and showed a nonsignificant 7% reduction in the odds for serious vascular events for the subgroup of 5126 patients with diabetes. 19 Sacco et al 20 described the effects of aspirinonatheroscleroticdiseaseinpatients with diabetes as a subgroup of the PPP trial, which investigated the effects of aspirin and vitamin E in a 2-by-2 factorial trialof4495patientswithatleast1known major cardiovascular risk factor. 21 The original study was stopped on ethical groundsafterameanfollow-upof3.6years because aspirin was associated with a lower risk of atherosclerotic disease in the overall group. The results of a subgroup analysis of 1031 diabetic patients did not 
©2008 American Medical Association. All rights reserved. reach statistical significance, possibly because of the early stopping of the trial and the subgroup size. 20 In addition, medication adherence was poor in the PPP trial: 28.2% of subjects assigned to aspirin had stopped this therapy by the conclusion of the trial. In the JPAD study, only 10% of patients in the aspirin group stopped this therapy by the end of the mean 4.37 years of follow-up.
Because of the low event rate in JPAD, our study was underpowered for demonstrating that aspirin had a significant effect on reducing total atherosclerotic events. However, the observation in the JPAD trial of an effect of aspirin on the secondary outcome of fatal cardiovascular events was also seen in the PPP trial. Aspirin did not reduce cardiovascular mortality in the HOT study, and it did not reduce fatal stroke in the Women's Health Study. The reason for the discrepancy in the preventive effect of aspirin on fatal cardiovascular events is not clear at present. The total number of fatal events was small (ranging from 13 to 49) in the JPAD trial as well as the PPP trial and in the subgroup population with diabetes in the HOT study. A larger trial is needed to determine the efficacy of low-dose aspirin on mortality.
The JPAD trial composite primary end point also included hemorrhagic stroke. The finding that aspirin did not increase the risk of hemorrhagic stroke was consistent with findings from prior reports, 21, 24, 30, 31 although the population studied was patients with diabetes. The finding of no increase in hemorrhagic stroke in the JPAD trial is of particular clinical importance because hemorrhagic stroke is more common in Japanese populations than in the West.
32,33
Moreover, there was no fatality due to hemorrhagic events except for hemorrhagic stroke; however, the hemorrhagic events that required surgical interventions or transfusion were observed in 4 patients in aspirin group.
The study design may be considered a limitation of the JPAD trial (prospective, randomized, open-label, controlled trial with blinded end-point assessment), as it did not have the advantages of a double-blind, randomized trial. The Japanese Pharmaceutical Affairs Law limits the use of placebo in physician-initiated studies because it is an unapproved medicine. However, the end-point classification was conducted by a blinded, independent committee on validation of data and events that was unaware of the group assignments.
Previous clinical studies indicate that a cardiovascular risk reduction is difficult to achieve by aggressively controlling plasma glucose levels in diabetic patients. [34] [35] [36] [37] These studies suggested that the contribution of lowering glucose levels to the reduction of macrovascular events appears to be minimal, at least in the first few years of treatment. Although improved glucose control can protect against the development of microvascular complications, the absence of a reduction in macrovascular events implicates an additive effect of nonglycemic risk factors that often accompany diabetes, such as hypertension, hyperlipidemia, and hypercoagulability. Additional medications such as angiotensin-converting enzyme inhibitors, angiotensin II type 1 receptor blockers, statins, and antiplatelet agents may be needed in patients with type 2 diabetes mellitus. The JPAD trial indicates that among these medications, aspirin is well tolerated for primary prevention and may provide an additional low-cost option.
In summary, in the JPAD trial, the first prospectively designed trial to evaluate low-dose aspirin in patients with type 2 diabetes without previous cardiovascular disease, low-dose aspirin as primary prevention did not reduce the risk of cardiovascular events. Despite a large sample size, the event rate in the study was lower than anticipated. Aspirin was well tolerated in these patients, as there was no increase in hemorrhagic strokes and a small increase in serious GI hemorrhagic events (4 patients required transfusion). These findings should be interpreted in context with the low incidence of atherosclerotic disease in Japan and the current management practice for cardiovascular risk factors and suggest the need to conduct additional studies of aspirin for primary prevention of cardiovascular disease in diabetic patients. 1 and directly contributing to adverse health outcomes by reducing adherence to important medications. 2, 3 The primary drivers of elevated drug costs are brandname drugs, which are sold at high prices during a period of patent protection and market exclusivity after approval by the Food and Drug Administration (FDA). 4 To control spending, many payers and providers have encouraged substitution of inexpensive bioequivalent generic versions of these drugs, which can legally be marketed by multiple manufacturers after the brand-name manufacturer's market exclusivity period ends. 5 Generic drugs are chemically equivalent to their brand-name counterparts in terms of active ingredients but may differ in peripheral features, such as pill color or shape, inert binders and fillers, and the specific manufacturing process. 6 The 1984 Hatch-Waxman Act first authorized the FDA to approve generic drugs demonstrated to be "bioequivalent," which is defined as absence of a significant difference in the availability of the active ingredient at the site of drug action.
7 Bioequivalency can be established on the basis of the maximum serum concentration of Context Use of generic drugs, which are bioequivalent to brand-name drugs, can help contain prescription drug spending. However, there is concern among patients and physicians that brand-name drugs may be clinically superior to generic drugs.
Objectives To summarize clinical evidence comparing generic and brand-name drugs used in cardiovascular disease and to assess the perspectives of editorialists on this issue.
Data Sources Systematic searches of peer-reviewed publications in MEDLINE, EMBASE, and International Pharmaceutical Abstracts from January 1984 to August 2008.
Study Selection Studies compared generic and brand-name cardiovascular drugs using clinical efficacy and safety end points. We separately identified editorials addressing generic substitution.
Data Extraction
We extracted variables related to the study design, setting, participants, clinical end points, and funding. Methodological quality of the trials was assessed by Jadad and Newcastle-Ottawa scores, and a meta-analysis was performed to determine an aggregate effect size. For editorials, we categorized authors' positions on generic substitution as negative, positive, or neutral.
Results
We identified 47 articles covering 9 subclasses of cardiovascular medications, of which 38 (81%) were randomized controlled trials (RCTs). Clinical equivalence was noted in 7 of 7 RCTs (100%) of ␤-blockers, 10 of 11 RCTs (91%) of diuretics, 5 of 7 RCTs (71%) of calcium channel blockers, 3 of 3 RCTs (100%) of antiplatelet agents, 2 of 2 RCTs (100%) of statins, 1 of 1 RCT (100%) of angiotensin-converting enzyme inhibitors, and 1 of 1 RCT (100%) of ␣-blockers. Among narrow therapeutic index drugs, clinical equivalence was reported in 1 of 1 RCT (100%) of class 1 antiarrhythmic agents and 5 of 5 RCTs (100%) of warfarin. Aggregate effect size (n=837) was −0.03 (95% confidence interval, −0.15 to 0.08), indicating no evidence of superiority of brand-name to generic drugs. Among 43 editorials, 23 (53%) expressed a negative view of generic drug substitution.
Conclusions Whereas evidence does not support the notion that brand-name drugs used in cardiovascular disease are superior to generic drugs, a substantial number of editorials counsel against the interchangeability of generic drugs.
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www.jama.com the drug, the time until maximum concentration is reached, or the area under the curve based on serum concentration as a function of time. Some physicians and patients have expressed concern that bioequivalent generic and brand-name drugs may not be equivalent in their effects on various clinical parameters, including physiological measures such as heart rate or blood pressure, important laboratory measurements, and outcomes such as health system utilization or mortality. [8] [9] [10] Of particular concern are narrow therapeutic index (NTI) drugs, which are drugs whose effective doses and toxic doses are separated by a small difference in plasma concentration. Brand-name manufacturers have suggested that generic drugs may be less effective and safe than their brandname counterparts. 11 Anecdotes have appeared in the lay press raising doubts about the efficacy and safety of certain generic drugs. 12, 13 Little empirical evidence has been assembled to assess clinical differences resulting from the use of generic medications, so we sought to systematically evaluate comparisons of generic and brand-name drugs on these outcomes. We focused on drugs used primarily to treat cardiovascular disease, which as a group make up the largest portion of outpatient prescription drug spending. 14 We reviewed studies published from 1984 to 2008 comparing clinical characteristics of generic and brand-name drugs in this field and pooled available results. To determine the concurrent expert opinion on the subject of generic substitution, we also systematically reviewed the content of editorials published during this time.
METHODS
Data Sources
We performed a systematic search of articles published in peer-reviewed health care-related journals between January 1984 and August 2008 using MEDLINE, EMBASE, and International Pharmaceutical Abstracts (IPA) with the help of a professional librarian.
We used 3 main subject heading domains: terms relating to the type of study (for example, clinical study, crossover, equivalen$, effect$, and outcome$), terms relating to the products of interest (for example, brand-name, nonproprietary, generic$, innovator$, patent$, and pharmaceutical drug), and terms relating to cardiovascular medicine. Cardiovascular disease was defined as any condition affecting the heart or blood vessels, including myocardial infarction, hypertension, cardiac arrhythmias, peripheral vascular disease, and heart failure. Under the cardiovascular category, we used search terms addressing general terms (eg, cardiovascular, heart, hematologic), cardiovascular disease (eg, atherosclerosis, hyperlipid, ischemia), and classes of pertinent drugs (eg, β-agonist, anticoagulant). Articles containing at least 1 search term in each of the 3 main categories met criteria for the title/ abstract review.
Search terms and parameters were adjusted for each database while maintaining a common overall architecture. Search results from MEDLINE and EMBASE were combined and screened for duplicate entries. Search results from IPA were handled separately because of differences in output organization.
Study Selection
Studies were included if they reported on a comparative evaluation of 1 brandname drug and at least 1 generic version produced by a distinct manufacturer (biologic products, which are regulated differently, were excluded). The comparative evaluation had to include measurement of at least 1 clinical efficacy or safety end point, including a vital sign (eg, heart rate, blood pressure, urine output), a clinical laboratory study (eg, international normalized ratio [INR] , low-density lipoprotein, urine electrolytes), patient morbidity or mortality, or health system utilization. "Clinical laboratory studies" did not include specialized assays of concentrations of the drug or its metabolites used in pharmacokinetic evaluation.
We included both randomized controlled trials (RCTs) and observational studies. We excluded case studies as well as qualitative analyses of effectiveness, pharmacoeconomic evaluations, or surveys. For this part of the study, we also excluded commentaries, essays, legal analyses, consensus statements, and letters to the editor. Studies were excluded if they were written in a language other than English or they were conducted in vitro or in animals. Although the study could take place in any location, the brandname drug used (or an identical formulation of it) must have been approved by the FDA. Manual reference mining of articles, letters, and commentaries supplemented the search results.
Data Extraction and Synthesis
Data were extracted (A.S.K.) and checked (W.H.S.), with disagreements resolved by consensus. We assessed a number of variables related to the organization and outcome of the studies: the study design, listed source of funding, the setting (US vs non-US), the characteristics of the population studied, the number of participants, the mean age (or age range) of the participants, the clinical end points, and the self-identified source of funding (where listed). The methodological quality of the randomized clinical trials (RCTs) was assessed using the 5-point scale developed by Jadad et al. 15 The methodological quality of nonrandomized trials was assessed using the 9-star Newcastle-Ottawa scale. 16 This was done independently by 2 of us (A.S.K. and W.H.S.), with differences resolved by consensus.
Drugs were further subdivided based on whether they had a wide therapeutic index (WTI) or NTI. The federal definition of an NTI drug follows: "(a) There is less than a 2-fold difference in median lethal dose (LD 50 ) and median effective dose (ED 50 ) values, or (b) There is less than a 2-fold difference in the minimum toxic concentrations and minimum effective concentrations in the blood, and (c) Safe and effective use of the drug products require careful titration and patient monitoring."
17,18 The FDA does not formally designate the therapeutic index of drugs, but according to this definition (confirmed with review of the cardiovascular literature), relevant drugs with an NTI include the anticoagulant warfarin (Coumadin; DuPont Pharmaceuticals, Wilmington, Delaware) and antiarrhythmic drugs affecting the sodium and potassium channels (class I and class III).
To conduct a meta-analysis of included studies, we identified those RCTs where means and standard deviations for clinical outcomes were presented or could be derived from the published results. If the correlation was not reported for a crossover design, we assumed a coefficient of 0.5. We calculated a Cohen D effect size for each study with a 95% confidence interval (CI) according to established methods from information provided in the article. [19] [20] [21] [22] The effect sizes compare the difference in effect between the study groups divided by the standard deviation of this difference. We considered an effect size of less than 0.2 to be very small, an effect size of 0.2 to 0.5 to be small, an effect size of 0.5 to 0.8 to be medium, and an effect size of greater than 0.8 to be large. Since this measure is independent of the measurement used, sample size, and standard deviation of the outcome measure, we aggregated different end points across studies to obtain effect sizes with 95% CIs for each cardiovascular drug class as well as an aggregate effect size for all studies included in the metaanalysis. 23 
Review of Editorials
We assessed the perspectives presented in editorials about the appropriateness of using generic drugs in treating cardiovascular disease during the same time period covered by our systematic review of the data. We repeated the MEDLINE and EMBASE searches using the same criteria. Two of us (A.S.K. and A.S.M.) then reviewed each title and abstract. Editorials were defined as articles expressing perspectives or viewpoints that did not include direct pharmacokinetic or clinical comparisons of generic and brand-name drugs. We also excluded systematic literature reviews, reports of surveys, case reports without substantial additional discussion, and letters to the editor.
Using content analysis, 24 2 of us (A.S.K. and W.H.S.) then coded themes in the commentaries. We focused on the examples used (if any), sources cited (if any), and ultimate conclusions reached to categorize the editorial's viewpoint within 1 of 3 main categories: (1) those presenting a generally negative opinion discouraging generic drug substitution, (2) those presenting a generally positive opinion encouraging generic drug substitution, and (3) those presenting a neutral analysis or that otherwise made no recommendations on the issue. We determined whether the editorial addressed generic and/or cardiovascular drugs broadly or focused on a subset of drugs, such as NTI drugs or drugs in a particular class. Investigators reconciled differences in coding by consensus.
RESULTS
The search done in September 2008 identified 8556 records, 3932 records from EMBASE, 2848 records from MEDLINE, and 1776 records from IPA. After removing overlapping citations and applying our exclusion criteria, 71 articles were prioritized from those 3 sources. We added 2 studies from evaluation of citations from prioritized articles. A total of 26 citations were excluded after full review. In total, our review identified 47 articles for detailed analysis (FIGURE 1) improvements in blood pressure and no significant differences between brandname and generic versions of amlodipine (Norvasc; Pfizer, New York, New York) over 8 weeks. 45 Two studies reported slight, but statistically significant, differences in 1 measured clinical outcome (the PR interval on electrocardiogram), although there were no associated changes in heart rate or other clinical outcomes in either of those studies. 50, 51 The remaining 7 studies evaluated antiplatelet agents (clopidogrel; [Plavix; Bristol-Myers Squibb, New York, New York] and enteric-coated aspirin [acetylsalicylic acid]), [52] [53] [54] the angiotensinconverting enzyme (ACE) inhibitor enalapril (Vasotec; Merck, Whitehouse Station, New Jersey), 55 the statin simvastatin (Zocor; Merck), 56, 57 and the ␣-blocker terazosin (Hytrin; Abbott Laboratories, Abbott Park, Illinois). 58 None of these studies reported significant clinical differences between the generic and brand-name versions. Two longer-term RCTs of simvastatin were conducted in Thailand. Both of these studies, of high methodological quality, showed no statistically significant differences in lowering low-density lipoprotein levels. 56, 57 However, there were a number of important limitations in the studies. The 2 studies of clopidogrel used clinical outcomes related to platelet aggregation and bleeding time, not incidence of cardiovascular disease such as myocardial infarction. 52, 53 The study involving enalapril was well designed but measured bioequivalency in 24 healthy subjects who received only 1 dose of the generic and brand-name forms. 55 The terazosin study, which was conducted in outpatients with benign prostatic hypertrophy, found no significant differences in heart rate and blood pressure and was of relatively high quality. . 59, 60 The study of propafenone used a pre/post design of 114 patients with atrial fibrillation receiving stable doses of brandname propafenone for at least 18 months who were required by their insurer to switch to a generic version of the drug. This study, which included no concurrent controls, found no differences in rates of health system utilization such as clinic visits, coprescription with other medications, or rates of cardioversion in the 18 months after switching to a generic drug and a slight reduction in emergency department visits with the generic version (PϽ.01). 59 Procainamide was studied in a bioequivalency study of patients with ventricular dysrhythmias; no differences in telemetry output were found between the generic and brandname versions. 60 The remaining 11 articles studied warfarin (Coumadin). [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] [71] In 6 RCTs or prospective studies, generic and brandname warfarin performed similarly with respect to clinical end points such as INR, frequency of adverse events, and number of required dose adjustments. 61, 62, 64, [68] [69] [70] Five retrospective observational studies evaluated patient INRs and clinical outcomes in patients who were required to switch from Coumadin to warfarin because of changes in coverage in diverse settings: nationwide in Israel, a Canadian province, a staff model health maintenance organization (HMO), a commercial HMO, and a municipal hospital in the United States. All of these studies used pre/post designs and found results similar to the RCTs; no significant differences were seen in clinical outcomes, including hemorrhagic adverse events or thromboembolic disease. 63, [65] [66] [67] One of the cohort studies found a small but significant decrease in INR in patients using the generic drug, although it did not translate into differences in morbidity or mortality. 66 A fourth retrospective cohort study found increased health care system utilization in patients not taking Coumadin (although no differences in morbidity/mortality), but the drug used as a comparator in that study was not rated as bioequivalent by the FDA. 71 
Aggregate Effect Sizes
Data from 30 studies contributed to the effect sizes of the outcomes. As seen in FIGURE 2, when data were pooled by drug class, in each case, the 95% CI crossed zero, and the effect size was "very small" (except for statins and antiplatelet agents, where the effect size was "small"). The aggregate effect size (n = 837) was −0.03 (95% CI, −0.15 to 0.08), which indicates nearly complete overlap of the generic and brandname distributions. These data suggest no evidence of superiority of brand-name to generic drugs in measured clinical outcomes among these studies. 
GENERIC DRUGS IN CARDIOVASCULAR MEDICINE
©2008 American Medical Association. All rights reserved. Forty-three editorials and commentaries met our criteria during the study period. The greatest number (19, 44%) were published from 1993 to 1999 9, [72] [73] [74] [75] [76] [77] [78] [79] [80] [81] [82] [83] [84] [85] [86] [87] [88] [89] while 14 (33%) were published from 2000 to 2008. [90] [91] [92] [93] [94] [95] [96] [97] [98] [99] [100] [101] [102] [103] Twenty-five (58%) discussed cardiovascular and generic drugs broadly* while 18 (42%) focused only on cardiovascular NTI drugs. † Of these editorials, 23 (53%) expressed a negative view of the interchangeability of generic drugs compared with 12 (28%) that encouraged substitution of generic drugs (the remaining 8 did not reach a conclusion on interchangeability). Among editorials addressing NTI drugs specifically, 12 (67%) expressed a negative view while only 4 (22%) supported generic drug substitution.
COMMENT
To our knowledge, our analysis is the first comprehensive review of the empirical evidence comparing clinical characteristics of generic and brandname drugs used in cardiovascular disease. The 47 studies in our sample covered 8 different subclasses of cardiovascular drugs, including 2 types of NTI drugs. Measured clinical outcomes included vital signs; clinical laboratory values such as INR and urine electrolytes; adverse effects or other morbidity; and health care system utilization, including clinic and emergency department visits.
The studies in our sample concluded that generic and brand-name cardiovascular drugs are similar in nearly all clinical outcomes. Among WTI drugs, the best evidence for clinical equivalence emerged from highquality prospective RCTs in patients with cardiovascular disease involving ␤-blockers, calcium channel blockers, and statins. Fewer trials compared generic and brand-name diuretics, antiplatelet agents, ACE inhibitors, and ␣-blockers, limiting our ability to reach similar conclusions in these drug classes.
Among NTI drugs, warfarin was the subject of the most studies addressing therapeutic equivalence. The 6 studies with a prospective design (461 patients) demonstrated similar clinical outcomes with brand-name and generic versions of the drug for multiple different outcomes, includingINR,requireddoseadjustments, and adverse events. Among the retrospective reviews, 2 revealed transient differences in INR after changes from brandname to generic warfarin without any differences in clinical outcomes. The only study showing specific differences in use of health care resources compared Coumadin with a version of warfarin that was not rated as bioequivalent by the FDA. Takenasawhole,theseresultssuggestthat switching from brand-name to generic warfarin products rated as bioequivalent by the FDA is safe, although it may be useful to monitor the INR of higher-risk patientsmorecloselyduringaswitchperiod.
Even though there is little evidence of importantclinicaldifferencesbetweengeneric and brand-name drugs in cardiovascular disease, many editorials expressed a negative view of generic drug interchangeability and urged heightened concernonthepartofphysiciansandpatients. Thisopinionhasnotchangedsubstantially over time; among the most recent editorials(published2000-2008),6of14(43%) expressed a negative view of substitution. One explanation for this discordance betweenthedataandeditorialopinionisthat commentariesmaybemorelikelytohighlight physicians' concerns based on anecdotal experience or other nonclinical trial settings. Another possible explanationisthattheconclusionsmaybeskewed by financial relationships of editorialists with brand-name pharmaceutical companies, which are not always disclosed. 114 Approximately half of the trials in our sample (23/47, 49%) , and nearly all of the editorialsandcommentaries,didnotidentify sources of funding.
Our study has several limitations that reflect the underlying literature. The majority of the studies we identified were bioequivalence studies, which included small populations and were powered to assess differences in pharmacokinetic parameters rather than clinical outcomes. For the smaller studies, only large differences in clinical outcomes would have been statistically significant, although our meta-analysis addresses the limitation of small sample size by pooling results across studies. Most clinical outcomes were evaluated by testing a superiority hypothesis rather than noninferiority hypothesis. Statistical insignificance in the context of a superiority study does not allow one to conclude that agents are equivalent, only that there is insufficient evidence available to conclude that the agents are different. In addition, many of the bioequivalence studies included disproportionately young and healthy subjects, and there were limited data comparing generic and brandname medications in patients with multiple morbidities and taking numerous medications. Such patients may be at greater risk of adverse events if modest clinical differences in medication formulations exist.
Most of the studies were conducted in 4 medication classes: ␤-blockers, calcium channel blockers, diuretics, and warfarin. The small numbers of studies in other classes limited our ability to draw class-specific conclusions about comparative safety or efficacy. Finally, most studies were short-term evaluations and did not collect the data necessary to compare long-term outcomes associated with generic drug use such as rates of myocardial infarction or death. The lack of studies evaluating clinical outcomes in generic drug use is not altogether surprising, as neither generic drug makers nor brand-name manufacturers are likely to make large financial investments over many years to pursue a research initiative that could adversely affect their business model if their hypotheses are not confirmed.
Despite these limitations, we identified numerous studies that evaluated differences in clinical outcomes with generic and brand-name medications. Our results suggest that it is reasonable for physicians and patients to rely on FDA bioequivalence rating as a proxy for clini- cal equivalence among a number of important cardiovascular drugs, even in higher-risk contexts such as the NTI drug warfarin. These findings also support the use of formulary designs aimed at stimulating appropriate generic drug use. To limit unfounded distrust of generic medications, popular media and scientific journals could choose to be more selective about publishing perspective pieces based on anecdotal evidence of diminished clinical efficacy or greater risk of adverse effects with generic medications. Such publications may enhance barriers to appropriate generic drug use that increase unnecessary spending without improving clinical outcomes.
